A B S T R A C T The present study was undertaken to investigate the mechanism of the antilipolytic action of clofibrate (p-chlorophenoxyisobutyrate). Clofibrate, in the dose range of 10-80 mg/100 ml, inhibited the initial rate of norepinephrine-stimulated lipolysis 17-44% in isolated rat fat cells. At a dose corresponding to therapeutic levels in vivo (10 mg/100 ml) clofibrate also inhibited hormone-stimulated lipolysis by 20-30% in fragments of human subcutaneous fat. Inhibition of lipolysis by clofibrate occurred at all concentrations of norepinephrine and ACTH (0.02-0.1 Ag/ml) but did not occur with equilipolytic concentrations of dibutyryl cyclic AMP, suggesting a proximal site of action on the lipolytic sequence. Clofibrate reduced by 60% (315 ±40 vs. 120±25 pmol/g lipid; mean+SEM) the norepinephrine-stimulated initial rise in cyclic AMP, measured 10 min after addition of hormone. Because the antilipolytic effect occurred in the presence of glucose and without altering cellular ATP levels, the reduction in intracellular cyclic AMP levels could not be attributed to uncoupling of oxidative metabolism or to secondary effects of free fatty acid accumulation. In the presence of procaine-HCl, which blocks hormone-stimulated lipolysis without inhibiting cyclic AMP accumulation, addition of clofibrate prevented the hormonestimulated rise in cyclic AMP. Clofibrate did not affect the activity of the low-Km 3',5'-cyclic AMP phosphodiesterase in norepinephrine-stimulated adipocytes. These data suggest that the antilipolytic effect of clofibrate is due to its suppression of cyclic AMP production by inhibition of adenylate cyclase. The drug's hypolipi-
INTRODUCTION
Clofibrate (ethyl p-chlorophenoxyisobutyrate) is commonly used in the treatment of different types of hyperlipidemia (1, 2) . Although its ability to lower serum lipids was recognized about ten years ago (3) (4) (5) (6) (7) , an understanding of the mode of action of the drug remains somewhat speculative. While recent literature (8, 9) favors the view that clofibrate reduces serum triglyceride levels primarily by enhancing VLDL' catabolism, many authors have either demonstrated a reduction in VLDL synthesis (10, 11) or cannot exclude the possibility that reduced VLDL formation and secretion by the liver contributes to the drug's hypolipidemic action (8, (11) (12) (13) (14) . In addition to effects of clofibrate on VLDL synthesis and removal, a number of other less well substantiated mechanisms have been postulated to explain the drug's lipid-lowering action. These include inhibition of cholesterol and triglyceride synthesis in the liver (15) (16) (17) (18) , enhancement of the uptake and storage of cholesterol in various tissues (19, 20) , and increased lipoprotein lipase activity in adipose tissue (21) . Recently, studies in this laboratory (22) have reexamined these latter mechanisms in order to reappraise their significance. The results of this work (22) suggest that these latter mechanisms (15) (16) (17) (18) (19) (20) (21) may play a minor role in the hypolipidemic action of clofibrate.
'Abbreviations used in this paper: ACTH, Cortrosyn, a synthetic subunit of adrenocorticotropic hormone; cAMP (cyclic AMP), cyclic adenosine 3',5'-monophosphate; DBC, NG,-02-dibutyryl cyclic adenosine3',5'-monophosphate; FFA, free fatty acids; NE, norepinephrine; VLDL, very low density lipoprotein.
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Clofibrate lowers serum free fatty acid (FFA) levels and inhibits the release of FFA from adipose tissue in rats (23, 24) , dogs (25) , and man (26) . It has a similar action in norepinephrine (NE)-stimulated fat cells isolated from rat epididymal adipose tissue (22) . If this antilipolytic effect of clofibrate is responsible for the reduction in plasma FFA levels, it could, by limiting substrate for hepatic VLDL synthesis, account for the observed reduction in plasma triglyceride levels. The plausibility of this mechanism is reinforced by the fact that in perfused livers, FFA uptake and VLDL production are proportional to physiological concentrations (KM 0.3-0.4 mM) of free fatty acid in the perfusate (27, 28) . To substantiate the notion that substrate (FFA) deprivation may explain the drug's hypolipidemic effect, a detailed study of its antilipolytic action was undertaken. It was observed that at concentrations corresponding to therapeutic plasma levels, clofibrate inhibited basal and hormone-stimulated lipolysis in human adipose tissue fragments, presumably by inhibiting adenylate cyclase. This finding is compatible with the view that diminished VLDL synthesis may, in part, explain the hypolipidemic action of clofibrate.
METHODS
Materials. NE bitartarate and N6,-02-dibutyryl 3',5'-cyclic AMP (DBC), 3',5'-cyclic AMP (cAMP), adenosine, Crotalus atrox snake venom, and procaine-HCl were purchased from Sigma Chemical Co., St. Louis, Mo.; cyclic [3H]AMP (20.8 Ci/mmol) was purchased from Schwarz/Mann Div., Becton, Dickinson & Co., (Orangeburg, N. Y.); collagenase, prepared from Clostridium histolyticum, was obtained from Worthington Biochemical Corp., Freehold, N. J.; bovine serum albumin (fraction V) was an Armour Pharmaceutical Company (Chicago, Ill.) product; sodium clofibrate was supplied by Ayerst Laboratories, Montreal, Canada. Cortrosyn, a 1-24 amino acid synthetic subunit of ACTH, was provided by Organon Inc., Canada. In the text this compound is referred to as ACTH. The enzymes used for glycerol and ATP assay were Boehringer products (Boehringer Mannheim Corp., New York). All other reagents were of analytical grade.
Incubation procedures. Adipocytes were isolated by the collagenase digestion method of Rodbell (29) with minor modifications (30) from epididymal fat pads of 12 Wistar rats (180-200 g) raised on Purina Chow (Ralston Purina Co., St. Louis, Mo.). Incubations with isolated cells or fragments of human adipose tissue were carried out in l-oz plastic (Nalgene, Nalge Co., Nalgene Labware Div., Rochester, N. Y.). bottles in a Dubnoff metabolic shaker oscillating at 90 cycles/min at 37°C with 95% 02-5% C02 gas phase. Cells (100+20 mg of adipocyte lipid) were suspended in 2 ml of Krebs-Ringer bicarbonate buffer containing 1.27 mM CaCl2 and 5%o dialyzed bovine serum albumin. The cells were preincubated for 10 min, after which zero time samples were taken for glycerol determinations before any additions were made. Lipolysis was induced by the addition of aqueous solutions of NE, ACTH, or DBC. At the end of the incubation, the contents of each vial were transferred to 15-ml centrifuge tubes and spun at 300 g for 15 s. The medium was separated from the cell float by aspiration through polyethylene tubing (Intramedic PE100, Clay-Adams, Inc., Parsippany, N. J.) attached to a 20-gauge 1" needle and syringe. Glycerol was measured in deproteinized medium by the well-established enzymatic method of Garland and Randle (31) . The mean basal (unstimulated) rate of glycerol release after subtracting zero time values was 1.06±0.09 Aimol/g lipid/10 min (mean +SEM, n = 6). Zero time glycerol levels and basal (unstimulated) rates of glycerol release were measured in each experiment. Glycerol output was used as a measure of lipolytic rate since reutilization of glycerol by adipose cells is negligible (32) in relation to the amounts produced.
Preparation of human samples. Subcutaneous adipose tissue samples were obtained from the lower end of a midthoracic incision (upper abdominal wall fat) in four patients undergoing corrective cardiovascular surgery. Patient M. B., a 23-yr-old woman, had an ostium primum defect. Patient P. M., a 20-yr-old woman, underwent ventricular septal defect repair. Patient M. C., a 61-yr-old woman, was undergoing aortic valve replacement for aortic stenosis and aortic insufficiency. Patient C. C., a 47-yr-old woman, underwent aortocoronary bypass surgery. None of the patients were obese, diabetic, or hypertensive, and all were euthyroid. Patients M. C. and C. C. were on maintenance digoxin therapy before surgery and received Lasix (furosemide, Hoechst Pharmaceuticals, Inc., Somerville, N. J.) intermittently for control of congestive heart failure. After the removal of adipose tissue (3-5 g ) from the incision site, the fragments were rinsed in fresh Krebs-Ringer bicarbonate buffer to remove adherent blood. Fibrous connective tissue was cut away and 150-200-mg slices of adipose tissue were removed. Care was taken to avoid strands of dense fibrous connective tissue. Each slice was cut into 25-50 mg fragments and placed in an incubation vial containing 2 ml KrebsRinger bicarbonate-albumin buffer with 6 mM glucose. After 30 min preincubation, NE (1 jg/ml) and sodium clofibrate (10 and 80 mg/100 ml) were added, and samples were removed after 2 and 4 h of incubation. The data are expressed as net glycerol release by subtracting zero time values and the basal rate from stimulated values. Incubations were carried out in triplicate with single determinations of glycerol in each sample (n = 3). Isolated cells or fragments of human adipose tissue were homogenized with 3 ml diethyl ether and centrifuged. The supernatant organic phase was removed and the pellet rehomogenized twice. The ethyl ether extracts were pooled and a sample was evaporated to dryness in a tared vessel. The final results were expressed per unit cell or tissue lipid.
Nucleotide analysis. For the measurement of intracellular cAMP, the adipose cell float was treated with 2 ml of 5% trichloracetic acid, mixed on a Vortex mixer (Scientific Industries, Inc., Queens Village, N. Y.), and allowed to stand for 30 min at 0°C. After centrifugation, the supernate was extracted with diethyl ether to remove lipids and trichloracetic acid, and then lyophilized. cAMP was measured by the protein-binding assay described by Gilman (33) with minor modifications (34 ATP assays were carried out on perchloric acid extracts of adipose cells. The adipose cell float was denatured by the addition of 2 ml of 5% perchloric acid, the mixture was then thoroughly mixed on a Vortex mixer and centri- Adipocytes (120 mg lipid/flask) were preincubated for 10 min in 2 ml of Krebs-Ringer bicarbonate-6 mM glucose, containing either 2.5% or 5% albumin. Lipolysis was stimulated with NE (0.1 ,ug/ml). Glycerol was measured in the medium after 30 min incubation, and zero time and basal levels were subtracted. fuged for 5 min at 300 g, and the clear aqueous phase was removed for ATP assays. The perchloric acid extracts were neutralized to pH 7 with a saturated solution of KHCO3 and centrifuged, and ATP was assayed enzymatically as described by Denton, Yorke, and Randle (35) .
Phosphodiesterase assay. At the end of the 10-min incubation, cells and medium were separated by centrifugation, the medium was retained for determination of glycerol, and the cells were assayed for phosphodiesterase activity. The cell float was homogenized in 2 ml of cold 0.25 M mannitol (pH 7.5) by hand (10 downward strokes of the pestle). The homogenate was centrifuged at 2,000 rpm for 4 min (Sorvall GLG-1, Ivan Sorvall, Inc., Newtown, Conn.) and the infranatant was aspirated, made up to 2 ml with mannitol, and used as the enzyme preparation. The low-Km phosphodiesterase activity was assayed by the procedure of Loten and Sneyd (36) , as modified by Zinman and Hollenberg (37) , with an additional step of stopping the phosphodiesterase activity after 10 min of incubation by immersing the tubes into boiling water for 10 min. The effect of sodium clofibrate (50 and 100 mg/100 ml) was also tested on the activity of beef heart 3',5'-cyclic nucleotide phosphodiesterase (Sigma Chemical Co.) by the same assay. RESULTS
Effect of clofibrate on catecholamine-induced lipolysis. NE-stimulated glycerol release was significantly inhibited (17-38%) with 10-40 mg/100 ml clofibrate (Table I ). The dose of 10 mg/100 ml is comparable to that achieved in patients (8) or rats' with hypo-lipidemic effects of clofibrate. In some of the subsequent experiments, higher concentrations were used. In a time course study of the antilipolytic effect of clofibrate on NE-stimulated cells, a 40% inhibition occurred throughout (Fig. 1 ). This pattern was consistent and typical of six different experiments. The rates were linear up to 30 min and therefore represent initial rates of lipolysis.
Effect of clofibrate on lipolysis in human adipose tissue fragments. Clofibrate inhibited NE-stimulated lipolysis in fragments of subcutaneous adipose tissue obtained from four patients (Fig. 2) . In patients M. B. and P. M. clofibrate at a concentration of 10 mg/100 ml inhibited glycerol output by approximately 20-30% (P<0.01) at 2 and 4 h of incubation. At a concentration of 80 mg/100 ml, clofibrate inhibited glycerol output by 60% after 2 h. However, this degree of inhibition did not persist for the second 2 h of incubation. Patients M. C. and C. C. displayed lower rates (50% less) of glycerol release in response to NE than patients M. B. and P. M. However, the inhibitory effects of clofibrate were similar. A lag in hormonestimulated glycerol output was observed in M. C. and were preincubated for 10 min in 2 ml of Krebs-Ringer bicarbonate-5% albumin medium and incubated for 10 and 30 min with the following additions: none ( . ); 0.1 ug/ ml NE ( ), and 0.1 ,g/ml NE plus 80 mg/100 ml sodium clofibrate (---). The data, derived from two experiments, are the mean+SEM of six incubations for each value recorded. NE + clofibrate values differ significantly from NE alone (P < 0.01). (Table  II) . In both patients the basal glycerol output approached a plateau within 2 h of incubation, after which little further release of glycerol occurred. When the basal values (Table II) were summed with the hormone-stimulated increment (Fig. 2) , the slopes approach linearity. Basal glycerol release occurred in adipose tissue fragments form all four patients (Table II) . In tissues from patients M. C. and C. C. clofibrate at a concentration of 80 mg/100 ml inhibited glycerol release by 30-50%. Thus both basal (Table II) and hormonestimulated glycerol release (Fig. 2) were inhibited by clofibrate (80 mg/100 ml).
Effect of albumin on the antilipolytic action of clofibrate. It is known that clofibrate, which is anionic at physiological pH, binds to serum albumin in competition with FFA for the anionic binding sites (23, 25) . Experiments were therefore designed to test the effects of clofibrate on lipolysis with two concentrations of albumin (2.5% and 5%). The lipolytic rate was 32% lower in medium containing 2.5% albumin than in 5% albumin (Table I) . However, clofibrate at 10 and 40 mg/100 ml inhibited lipolysis to precisely the same degree, independent of the concentration of albumin and the lipolytic rate. These findings would indicate that the effect of clofibrate in vitro is not mediated through secondary redistribution or cellular accumulation of long-chain fatty acid anions.
Effect of glucose on the antilipolytic action of clofibrate. The presence of 6 mM glucose in the incubation medium did not affect the inhibitory action of clofibrate on lipolysis (Table III) . Glucose promotes the re-esterification of FFA and prevents their uncoupling effects (38, 39) . Since clofibrate reduced the initial rates of lipolysis in the presence of glucose, we concluded that the antilipolytic effect of the drug is unrelated to effects due to intracellular accumulation of fatty acids or their acyl derivatives. Effect of clofibrate on intracellular ATP. Basal levels of ATP remained unchanged after 10 min of incubation but declined somewhat thereafter (Fig. 3) . The addition of NE caused a 15% reduction in ATP levels measured at 10 min. Such an effect by catecholamines was noted previously (39, 40) . The ATP level at 30 min in NE-treated fat cells was slightly but not significantly higher than at 10 min. While the mean cellular ATP levels in clofibrate-treated cells were greater than in cells exposed to NE alone, the differences were not significant. Nevertheless, lipolysis was inhibited 40% by clofibrate addition (Fig. 3) . If the changes in total cellular ATP concentrations are assumed to reflect fluctuation in the critical subcellular pool(s) involved in the lipolytic sequence, then the antilipolytic effect of clofibrate cannot be attributed to deleterious changes in the energy metabolism of the cell.
Effect of clofibrate on lipolysis induced by different lipolytic agents. Fig. 4 compares the effect of clofibrate on lipolysis induced by NE, ACTH, and DBC. Clofibrate inhibited lipolysis (50-68%) at all concentrations of norepinephrine and ACTH. However, no inhibition occurred with DBC concentrations up to 1 mM, which is the half V.a. concentration for this cyclic AMP analogue (39) . Inhibition of lipolysis with 2 mM DBC occurred (25%) but was less than that observed with hormones. It may be concluded from these data that with half-maximal concentrations of the three lipolytic agents tested, clofibrate inhibited lipolysis induced by the hormones NE and ACTH but did not inhibit that induced by DBC. These data suggest that clofibrate must affect primarily that part of the lipolytic sequence that precedes the accumulation of cyclic AMP, because the lipolytic effect of DBC, which bypasses the adenylate cyclase and simulates the action of cyclic AMP (41, 42), was not suppressed.
Effect of clofibrate on adipocyte cyclic AMP. The effect of clofibrate on the accumulation of intracellular cyclic AMP is shown in Fig. 5 . In NE-treated cells, the cyclic AMP level rose to a peak and fell to a lower level at 30 min as was noted before (34, 43) . However, in the presence of clofibrate the pattern was altered and a 60% reduction in the accumulation of cyclic AMP over control values occurred at 10 min. This reduction in the rise in cyclic AMP may explain the inhibition of lipolysis (Fig. 5) , since it is the initial rise in cAMP that determines the initial rate of lipolysis (34, (43) (44) (45) . At 30 min the levels in control and clofibrate-treated cells were not statistically different.
Effect of clofibrate on cAMP phosphodiesterase.
The intracellular level of cAMP is determined by a net balance between its synthesis by the enzyme adenylate cyclase and its degradation by the enzyme cAMP phosphodiesterase (41, 44, 46) . The influence of clofibrate upon the activity of the low Km enzyme 3',5'-cAMP phosphodiesterase was tested to determine whether enhanced cAMP degradation might be responsible for the reduction in cAMP accumulation. The results are shown in Fig. 6 . The basal activity of the low-Km phosphodiesterase in rat adipocytes was 1. Fig. 7 . Lipolysis was inhibited 80% by procaine (NE vs. NE + P). In contrast, no inhibition of cAMP occurred. Instead the increment in cyclic AMP was more than double the value with NE alone (NE vs. NE + P). Thus, cyclic AMP accumulation was dissociated from lipolysis in the presence of procaine. The addition of clofibrate (80 mg/100 ml) to the system containing NE and procaine resulted in suppression of the rise in cAMP levels by 50% (418±40 vs. 204±-35 pmol/g lipid) in the face of a 95% inhibition of lipolysis (NE + P vs. NE + P + C). Procaine had no effect on the basal rate of lipolysis or basal cAMP levels (see legend to Fig.  7 ). Qualitatively similar results were obtained with clofibrate at a dose of 10 mg/100 ml. However the magnitude of the reduction in cAMP levels, though significant, was less than that observed at 80 mg/100 ml. These observations suggest that the effect of clofibrate on cAMP accumulation is direct, rather than a manifestation of FFA accumulation.
DISCUSSION
The major purpose of this research was to locate the site of action of clofibrate on lipolysis. The lipolytic process in adipose tissue is briefly described. After interaction of a lipolytic hormone with its stereospecific receptor on the fat cell membrane (50) vation of membrane-bound adenylate cyclase ensues (41) . Intracellular cAMP levels rapidly rise, reaching a peak concentration between 4 and 10 min, and subsequently decline (34, (43) (44) (45) , although lipolysis, once initiated, continues linearly during this time. The level of cAMP achieved is the net balance between synthesis, loss from the cell, and degradation by cAMP phosphodiesterase (41, 46) . cAMP, by an allosteric interaction with cAMP-dependent protein kinase, liberates a catalytic subunit that activates (phosphorylates) a triglyceride lipase (51) (52) (53) . From the foregoing, it is possible that a number of different steps in the lipolytic sequence may be affected by clofibrate. The contrasting effects of the drug on lipolysis induced by DBC and hormones (Fig. 4) suggested that the primary site of action of clofibrate is at a proximal part of the lipolytic sequence, i.e., preceding the rise of intracellular cAMP. An antagonistic effect of clofibrate on the accumulation of cAMP during the initiation of lipolysis by hormones was shown (Fig. 5 ). This agrees with an earlier report in which very high concentrations of clofibrate (200 mg/100 ml) prevented a rise in cAMP levels in isolated fat cells in the presence of caffeine (54) . However, the present investigation was carried out in the absence of phosphodiesterase inhibitors, and thus permitted interpretation of changes in cAMP levels during active lipolysis. It appears that in addition to lowering the initial rise in cAMP concentration, clofibrate altered the pattern of cAMP accumulation over the incubation period of 30 min (Fig. 5) . Instead of a phasic profile, ordinarily observed with additions of hormone (34, (43) (44) (45) , clofibrate changed the pattern to a depressed but progressively rising slope. This resulted in similar values for cAMP at 30 min for both NE and NE plus clofibrate-treated cells, despite continued inhibition of lipolysis by clofibrate (Fig. 5) . These findings are consistent with the view that the initial rate of lipolysis is a function of the initial rate of cAMP accumulation (as measured within 10 min after exposure to hormone) rather than the levels observed later on. It is significant that the concentration of cAMP measured after a 10-15-min incubation is variable and unpredictable and often bears no relationship to lipolysis (44) . This is borne out by the similarity in values for intracellular cAMP at 30 min (Fig. 5 ), despite substantial inhibition of lipolysis in the clofibrate-treated cells.
Since clofibrate inhibited both ACTH and NEstimulated lipolysis, a receptor-specific interaction of clofibrate seems unlikely. Further, the reduction in the initial rate of cAMP accumulation by clofibrate did not seem to be due to an activation of the low-Km (55) . That the effect on cAMP levels is specific and not secondary to depressed oxidative metabolism was borne out by the persistence of its antilipolytic action in the presence of glucose, which protects the cell from the uncoupling effects of FFA (38) (39) (40) . Moreover, since the total ATP levels (and presumably the specific intracellular ATP pools) were unaffected by clofibrate treatment (Fig. 3) (64) and therefore can also contribute to the circulating pool. However, the extent of these sources has not been quantified and they are therefore designated as minor pathways in VLDL production. LDL, low-density lipoprotein; TG, triglyceride.
because the reduction of cAMP levels occurred when FFA production was very low. The enhancement by procaine of the rise in cAMP in hormone-stimulated cells was consistently observed but cannot be explained on the basis of the present data. Procaine is known to modify intracellular calcium distribution (58) . Whether the uncoupling of lipolysis from cAMP production in hormone-stimulated cells is mediated via inhibition of calcium flux has yet to be established. Nevertheless, the capacity of procaine to uncouple the proximal from the distal parts of the lipolytic sequence proved useful in locating the site of action of clofibrate and may have wider application in the study of antilipolytic agents in general. The present work has physiological and clinical significance in that it may explain, at least in part, the mechanism of actions of clofibrate on VLDL production and turnover in certain dyslipoproteinemic states (Type IV hyperlipoproteinemia). It is significant that therapeutic amounts of clofibrate (10 mg/100 ml) inhibited NE-stimulated lipolysis by 20-30% in human fat (Fig. 2) , an effect similar in magnitude to a 31% reduction in plasma FFA levels in clofibrate-treated hypertriglyceridemic patients (8) and to a 20% reduction in plasma FFA concentration in hypertriglyceridemic patients receiving a clofibrate analogue (SU-13437) (59) . Since plasma FFA are the principal lipid precursors in hepatic VLDL-triglyceride fatty acid production (10, 60) and because plasma FFA concentration determines hepatic FFA uptake and VLDL production (27, 28, 61) , and generally reflects the lipolytic rate in adipose tissue, it seems reasonable that the glyceride-lowering effect of clofibrate may be related to the drug's antilipolytic action. The work of Schlierf and Dorow (62) supports this idea, as they observed that nicotinic acid prevents the overnight rise in serum triglyceride levels in hypertriglyceridemic man by inhibiting the nocturnal rise in serum FFA levels. These findings demonstrate the relevance of antilipolysis as a modality for the control of plasma triglyceride levels in hypertriglyceridemic patients and is in accord with the view that the lipid lowering effect of clofibrate is associated with a reduction in VLDL production and turnover (10, 11, 13, 59) .
The above discussion does not diminish in any way the significance of increased peripheral degradation of VLDL as a mechanism responsible for the lipid-lowering action of clofibrate (2) . Indeed, it can be reasoned that the antilipolytic effects of clofibrate could be responsible for increased lipoprotein lipase activity in adipose tissue (21) . Patten (63) has shown a reciprocal relationship between hormone-sensitive lipase activity and lipoprotein lipase activity in rat adipose tissue. If this reciprocity obtains in human fat and lipoprotein degradation in adipose tissue is the rate-limiting step in peripheral VLDL metabolism, it is attractive to suggest that clofibrate achieves its lipid-lowering effects through these reciprocally related processes.
On the basis of the foregoing discussion, the effects of clofibrate on the physiological control of plasma VLDL levels are explained schematically (Fig. 8) . The predominant and probably exclusive source of fatty acid substrate for hepatic VLDL production in both normotriglyceridemic and hypertriglyceridemic man is believed to be plasma FFA derived from adipose tissue (60) . It is suggested that clofibrate reduces serum VLDL levels both by reducing its rate of production and by augmenting peripheral catabolism. Clofibrate, by inhibiting membrane-bound adenylate cyclase in the fat cell (site 1), deprives the liver of FFA substrate, thus reducing hepatic VLDL production. While clofibrate can inhibit fatty acid esterification in liver homogenates (13, 65) (site 2) and also retard triglyceride secretion (site 3) in perfused livers (12, 17) the relevance of these effects in vivo has yet to be established (8) . Enhanced peripheral degradation of VLDL by clofibrate has been attributed to activation of the rate-limiting enzyme lipoprotein lipase in adipose tissue (21) (site 4). This type of process could explain the paradoxical increase in plasma LDL levels in clofibrate-treated hyperlipidemic (Type IV) patients (9) and the enhanced disappearance of Intralipid infused into patients receiving a clofibrate analogue (66) and in rats on a diet containing clofibrate. 8 If enhanced degradation of VLDL in adipose tissue is functionally linked to inhibition of hormone-sensitive lipase in human fat, as it appears to be in rat adipose tissue (63) , the importance of adipose tissue as a locus of clofibrate action will be difficult to deny.
